A highly specific and sensitive radioimmunoassay was developed for measuring circulating growth hormone releasing factor (GRF) in human plasma. Before measuring immunoreactive GRF plasma samples were extracted on to Vycor glass. Immunoreactive GRF concentrations in plasma samples from 37 fasting normal subjects ranged from < 10 to 60 ng/l (mean 21 ng/l). Fasting concentrations in 76 out of 80 acromegalic subjects were within the normal range, but the remaining four patients had values of 92 to 25 000 ng/l. Of these, only the patient with the highest concentration had evidence of ectopic GRF secretion from a disseminated carcinoid tumour. Two of the others had longstanding pituitary tumours, and the fourth patient had a pituitary growth hormone (GH) secreting tumour proved by its removal and subsequent remission of acromegaly. There was no correlation between serum GH and plasma immunoreactive GRF concentrations, irrespective of whether the patients were untreated or had been given radiotherapy or dopamine agonists.
Introduction
Growth hormone (GH) secretion is regulated by at least two neurohormones-somatostatin, a peptide which inhibits GH secretion,' and a growth hormone releasing factor (GRF).
Recently two groups have identified peptides with GH releasing activity from two pancreatic tumours, designated hpGRF.2 3 Primary structures of at least three peptides with GH releasing activity have been characterised. The predominant form in both tumours was a 40 amino acid residue peptide . In one tumour smaller amounts of hpGRF-37 and an amidated hpGRF-44 were also found.3 Two groups have now isolated the messenger ribonucleic acid encoding precursor proteins with the sequence of hpGRF and determined the sequence of the cloning deoxyribonucleic acids.4 5 We do not yet know whether hpGRF is normally produced in pancreatic islets or if this is an ectopic source.
Significant amounts of hpGRF-44 and hpGRF-40 have been found in human hypothalamic tissue, and chromatographic and immunohistochemical staining studies suggest that they are similar to if not identical with hpGRF.6 Synthetic hpGRF has been shown to stimulate GH secretion selectively in man and animals both in vivo,,-' and in vitro.11 12 The mechanism of action of GRF in releasing GH has been reported to include Ca t and cyclic adenosine monophosphate as second messenger. 2 
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In order to investigate the physiological role of GRF we have developed a radioimmunoassay for GRF in human plasma. We report successful measurement of plasma GRF concentrations in normal subjects and patients with acromegaly.
Subjects and methods
Venous blood was collected from normal subjects and patients between 8 and 9 30 am after an overnight fast. Serum GH was assayed by radioimmunoassay as described by Forsyth et al.14 Blood for measurement of GRF was collected into lithium-heparin tubes containing 10 000 KIU aprotinin, centrifuged, and the plasma flash frozen immediately. All patients with acromegaly had the clinical features of the syndrome and failed to suppress their circulating GH normally during an oral glucose tolerance test (minimum values between 5 and 228 mU/l).
RADIOIMMUNOASSAY
An antiserum was raised against synthetic hpGRF-40 in New Zealand white rabbits. The hpGRF-40 was conjugated to bovine thyroglobulin using l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide as the coupling agent. Each animal initially received 200 ,ug GRF emulsified with Freund's complete adjuvant in three separate subcutaneous injection sites and 100 ,ug subsequently. Regular boosting continued until the antibody titre showed no further increase. Synthetic hpGRF-40 (Bachem) was iodinated using chloramine-T by a modification of Hunter and Greenwood's technique.15 To minimise damage to the peptide the reaction was terminated by diluting the reagents with 600 ul 0-05M phosphate (pH 7-4) containing 0-5°' human serum albumin. The iodination products were purified on a 1-0 x 0 5 cm column of octadecylsilyl silica using increasing concentrations of 1-propanol/1 0 trifluoroacetic acid (modified from Bennett et al.16 The 1251-hpGRF-40 was diluted in 50o 1-propanol/l 00 trifluoroacetic acid containing polypeptide 20 g/l, separated into aliquots and stored at -70°C.
The extraction of GRF from plasma was based on the method of Rees et al for adrenocorticotrophic hormone.1 Standard tubes contained 3 ml horse serum, to which was added 8 ng synthetic hpGRF-40 (Bachem); blanks contained 3 ml horse serum only. Between 3 and 5 ml of a plasma sample was used. Vycor glass (50 mg) was added to each tube, which was rotated for 30 minutes. After centrifugation the supernatant was aspirated and the pellet washed with 3 ml distilled water followed by 2 ml molar hydrochloric acid. The GRF was eluted from the Vycor glass using 1 ml 80°" methanol, evaporated to dryness with oxygen free nitrogen in a sand bath at 60'C, and the residue reconstituted in 500 ul assay buffer (0-05M phosphate (pH 7 4), 0500 human serum albumin, 0100 Triton X, 0-0500 mercaptoethanol). To assess assay reproducibility "low" and "high" pools (prepared by adding synthetic hpGRF-40 to horse serum) were run in each assay. The mean value of 10 aliquots of the low pool was 32 ng/l and the coefficient of variation 800. Ten aliquots of low and high pool were run in consecutive assays; mean values were 35 ng/l and 99 ng/l respectively, with corresponding coefficients of variation of 1400 and 900. For each assay an unextracted standard curve was set up using doubling dilutions of hpGRF-40 (Bachem) in the range 10 000-9 ng/l. Each tube contained 200 ul standard, which was preincubated with 50 ,ul antiserum (1/15 000 final dilution) at 4 C for 24 hours before the addition of 50 ul tracer. After incubation at 4°C for a further 24 hours the free 1251-hpGRF-40 was separated from the bound fraction using dextran coated charcoal, 200 ul/tube. The extracted plasma samples and horse serum standards were assayed as above. Recoveries of standard hpGRF during extraction varied between 60 and 800 , and all plasma samples were corrected for this and for the volume of plasma.
2-2 to 135 mU/i; in 12 of them GH concentrations exceeded 20 mU/1. 
100, Results
The antiserum reacted on an approximately equimolar basis with hpGRF-40 and hpGRF-44. Cross reactivity studies using several GRF analogues showed the antiserum to be directed towards the central region of the molecule, but there was cross reactivity of less than 001 0 0 with a wide range of hypothalamic, pituitary, and gastrointestinal hormones including prolactin, GH, peptide histamine isoleucine-27, and other members of the glucagon-secretin family of peptides. The affinity constant of the antiserum was 2 x 101'l mol, as assessed by Scatchard analysis. The limit of detection of the assay was 10 ng/l.
All the plasma samples from normal subjects and the patients with acromegaly diluted parallel to the standard curves (fig 1) . The range of plasma immunoreactive GRF concentrations from 37 normal subjects (age range 21-38 years) was <10-60 ng/l, with a mean of 21 ng/l (taking undetectable concentrations as 10 ng/l for the calculation). Of the plasma samples measured from 80 acromegalic patients (aged 17-76 years), 76 (950o) gave values of immunoreactive GRF within the normal range. In the remaining four patients plasma immunoreactive GRF concentrations ranged from 92 to 25 000 ng/l (fig 2) . Simultaneously measured serum GH concentrations in the same blood samples failed to show any correlation with the immunoreactive GRF values in the 80 acromegalic patients. There were no consistent differences in immunoreactive GRF plasma concentrations dependent on whether patients were receiving bromocriptine or not or had received external radiotherapy to the pituitary (4500 rads in 25 fractions over 36 days from a linear accelerator using three fields) ( fig  3) . Twenty eight patients had undetectable immunoreactive GRF concentrations, and in these patients serum GH values ranged from 
Discussion
We report the use of an assay for measuring immunoreactive GRF in human plasma. The assay is highly specific, as shown by the cross reactivity studies. Using an extraction procedure we found the assay sensitive enough (10 ng/l) to detect plasma immunoreactive GRF in both normal subjects and acromegalic patients.
Of our 80 patients with acromegaly, only four showed immunoreactive GRF concentrations above the normal range. Of these, three had no identifiable ectopic source, and indeed it was clear that they had large GH secreting pituitary tumours (macroadenomas). In two patients acromegaly had been documented for over 10 and 25 years without evidence of any other lesion. In the third patient (plasma immunoreactive GRF value 1111 ng/l) catheterisation of all the major veins using a previously described technique'8 and extensive CT scanning of chest and abdomen failed to disclose an ectopic source for the immunoreactive GRF. She proceeded to transfrontal craniotomy for removal of a macroadenoma with a large suprasellar extension, resulting in resolution of the acromegaly and a raised circulating GH concentration. The fourth patient, however (plasma immunoreactive GRF concentration 25 000 ng/l), was known to have widely disseminated carcinoid tumour, originally diagnosed 10 years previously in the lung. After diagnosis she developed clinical and biochemical acromegaly with an enlarging fossa and hyperprolactinaemia and has been described elsewhere. '9 Her carcinoid tumour had been successfully controlled by repeated treatment with chemotherapeutic agents. Her greatly raised circulating concentration of immunoreactive GRF suggested that her acromegaly was due to ectopic GRF secretion from the carcinoid tumour, and this was supported by definite immunocytochemical staining of her original tumour and several metastases using an anti-GRF antiserum by an immunoperoxidase technique. Despite the raised concentrations in the other three patients they did not appear to have ectopic secretion of GRF. The lack of correlation between plasma immunoreactive GRF and serum GH concentrations was not surprising. Negative feedback mechanisms might result in low GRF values due to raised GH concentrations-for example, in patients with pituitary tumours. Modulation of GH secretion by endogenous somatostatin might also contribute to this lack of correlation between GH and GRF values. Patients with hypothalamic defectsespecially in the ventromedial-arcuate region, which has been implicated in GH regulation-may show raised plasma immunoreactive GRF concentrations resulting in increased GH secretion. Whether sustained oversecretion of GRF may result in down regulation of the pituitary is not clear.
In view of the low concentration of hpGRF found in the human hypothalamus6 it is debatable whether GRF secreted from the hypothalamus is being detected in peripheral plasma. That we are able to measure plasma immunoreactive GRF might suggest that GRF could also be secreted from alternative sources-for example, the gut. In favour of this is both the fact that the peptide has been isolated from two pancreatic islet tumours,3 and the striking homology with the glucagonsecretin family of peptides, located normally in the pancreas and gastrointestinal tract. It has been shown, however, that intravenous administration of synthetic hpGRF in man had no effect on various enteropancreatic variables measured, including blood glucose, plasma insulin, glucagon, gastrin, and somatostatin.9
The molecular nature of the circulating immunoreactive GRF has not yet been elucidated. Our initial studies, however, have shown a single peak of immunoreactivity, coeluting with hpGRF-40 after gel filtration chromatography of a plasma sample from one acromegalic patient with very high immunoreactive plasma GRF concentrations.
This recently developed GRF radioimmunoassay will be of help in elucidating the physiological role(s) of GRF. It may also prove potentially useful in helping to differentiate between pituitary and hypothalamic defects and in identifying acromegaly associated with uncommon cases of ectopic GRF secreting tumours.
